
SECURITY I N F O R M A T I O N  

fX3N FI DENTfAL COPY 5 b 
"j , .I  

R M  E52G07 

RESEARCH MEMORANDUM 

TEMPERATURE  RESPONSE OF TURBINE-BLADE METAL COVERED 

WITH OXIDE COATINGS SUPPLIED  BY  FUEL  ADDITIVES 

B y  Richard J. McCaffe'rty and Helmut F. Butze 

Lewis Flight Propulsion Laboratory 
Cleveland, Ohio 

. .. 

NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 

WASHINGTON 
August 20,1952 



1N 
8 

NACA RM E5XO7 

By Richard J. McCafferty and Helmut F. Butze 

SUMMARY 

An investigation was conducted t o  determine the  effects of turbine- 
blade  coatings,  supplied  by fuel additives, on heat transfer from com- 
bustor exhaust  gases t o  an 5-816 alloy  blade. Two fuel additive8 were 
used; tetraethyl  orthosilicate (producing s i l icon  aoxide)  and trfamyl 
borate (producing boric  oxide). D a t a  were obtained which described the 
blade-metal  temperature  response  to.exhaust-gas  temperature for both 

c s t a t i c  and transient gas  terqeerature  conditions in the range from ~$ooO 
t o  2000° F. 

L The results showed that the fuel additives  provided an oxide coat- 
ing on the combustor-liner w a l l  and the other metal parts, including 
the  blade, exposed t o   t h e  exhaust gas. The coating formed on the 
exterior  surface of the blade had no measurable effect on blade-metal 
temperature a t  e i ther   s ta t ic  o r  transient.exhaust-gas  temperature condi- 
t ions. 

ICurbine-blade m e  is an important factor  controlling  operation and 
uti l ization of t u rbo je t  engines. High g a s  temperatures impose severe 
operating  conditions on turbine  blades and metal  fracture  often  results. 
Cooler operating blades can provide  longer  blade l ife,  decrease  the con- 
sumption'of strategic metals used in   t he i r  manufacture, o r  allow 
increased g a s  temperatures. The NACA k i s  laboratory i s  conducting 
research on methods which may be used t o  reduce blade-metal operating 
temperatures. The use of  a i r  or w a t e r  f o r  cooling  turbine blades 
internally is  discussed in reference 1. The results of an analytical 
study o f  the  use bf ceramic coatings f o r  reducing  the  metal  temperature 
in the t ra i l ing  edge of water-cooledblades  are  presented i n  reference 2. 
Although these  results  indfcate that, f o r  continuous  operation,  only 
small reductions i n  blade-metal  temperature can be expected  with  certain 
ceramic-type coatlngs  applied t o  low-conductivity metal alloys, the  use 
of such coatings may a l l o w  higher gas temperatures and increased  thrust 
for a short  duration by increasing the time required f o r  the blades to 
assume the new, higher  gas  temperature. The investigation reported 
herein was concerned specifically  with this application. 
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A turbine  blade was mounted in the  exhaust  ducting of -a turbojet 
combustor  rig.  The  coatings  considered in this  investigation  were  pro- 
duced  by  additives  contained in the  fuel. Two additives  were  used;  one 
producing a silicon  dioxide  coating and the  other, a boric  oxide  coat- 
ing. The  temperature-response  rates of coated  and  uncoated  blades  to 
rapid  changes in exhaust-gas  temperature  were  determined. 

APPARATUS AND PRomDuRE 
An 5-816 alloy turbine  blade was mounted on a rod and inserted in 

the  exhaust  duct of a single  combustor  from a 533 turbojet  engine. 
An attempt  was  made  to mount the  blade  in  the  duct in such a manner  a6 
to  simulate  the  gas-flow  environment  that  exists in a full-scale  engine. 
The  detailed  instrumentation  and  equipment  features of the  conibustor 
setup  are  described  in  reference 3. Figure 1 shows  the  location  of  the 
blade  with  respect  to  the  cornbustor  and  the  thermocouple  station  used 
to  measure  the  average  exhaust-gas  temperature.  The  local gas tempera- 
ture  at  the  blade  was  measured by two  thermocouples  located  directly 
upstream of the  blade.  The  blade-metal  temperature  was  measured  by a 
thermocouple  inserted in the m i d d l e  of the  blade hslf'way between  the 
root  and  the  tip  in  the  center of the  chord.  The  blade-metal and 
the  average  exhaust-gas  temperatures  were  continuously  recorded on an 
oscillograph.  Typical  oscillograph  traces are shown in reference 4 
where  turbojet-engine  data  variables  were  recorded. 

The  combustor  was  first  operated  to  determine  the  inlet  conditione 
that  would allow a maximum exhaust-gas  velocity  around  the  blade  at a 
gas temperature of 2000° F. The a i r  conditions  at  the  combustor  inlet 
and  at  the  blade  are shown in  table I. The  inlet  conditions  were  set 
and  the  combustor was operated  at an average  exhaust-gas  temperature of 
1400° F. Fuel-flow  rate was then  increased  sufficiently in 9 to 13 sec- 
onds to  raiBe  the  average eust-gas temperature to approximately 
2000° F. This  time  interval  is  hereinafter  referred  to as "Fuel-step 
time".  When  the  fuel  additives  were  used  the  combustor  was  operated  at 
the 1400' F condition  for a minimum of 1 hour in order  to form an  oxide 
film on the  blade.  The  rates  of  change of &ust-gas  temperature  with 
fuel addition  and of blade-metal  temperature  with  exhaust-gas  tempera- 
ture  were  recorded  in sepamte tests  because  of  the  limitations of the 
recording  system  used. . 

Fuels 

The  base  fuel  used in .this  investigation  was MIL-F-5624A, grade 
JT-4. Two fuel-additive  mfxtures  were  used,  one  containing 3 percent 
(by weight)  tetraethyl  orthoeilicate and the  other, 8 percent (by 
weight)  triamyl  borate.  Theee  concentrationer  correspond  to 1 percent 
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silicon  dioxide and 1 percent  boric oxide; respectively. The tetraethyl 
orthosilicate m s  commercially prepared; the  triamylborate w-as prepared 
a t   t h e  Lewis laboratory by reacting amyl alcohol  with anhydzous boric 
oxide. 

" " - 

PhotoGaphs of the turbine bla&e removed from the exhaust  duct 
after  operation w i t h  Jp-4 fuel are shown in figures  2(a) and 2(k) . 
Similar photographs of the  blade after operation  with Jp-4 fuel plus 
additives  are shown in figures 2(c) t o  2 ( f ) .  Xoticeable  coatings were 
formed during the 1.4- and the 1.6-hour running times. The triamyl 
borate provided a less  uniform, but thicker, more stable coating  than 
did the  tetraethyl  orthosilicate. The silicon  dioxide  coating was d r y  
and powdery and w&s easily removed  when touched. 

Photographs of the combustor liner and the  deposits formed are  
presented in  figure 3. The deposits were stable with  respect t o  the 

these photographs w e r e  taken  after  the  liner had been operated an 
additional1/2 hour without any fuel additive  being  present. 

- action of heat and air  wash produced by  operation w i t h  clear Jp-4 fuel; 

The data  obtained  with  the JT-4 fuel  and two additives  are summar- 
ized i n  table I, and the turbine blade-temperature  against time rela- 
tions  obtained fo r  several runs with  clear Jp-4 fue l  and with  each 
additive are presented in  figure 4. The dotted  lines are representative 
curves of the average cod~ustor exhaust-gas  temperature w i n g  the  fuel 
input change for each fuel. The perpendicular l h e s  located op each 
curire indicate the fuel-step t h e  for  that particular run. In figure 5, 
the  blade-temperature  curves  obtained w i t h  JP-4 Fuel and w i t h  Jp-4 fuel 
plus  additives  are compared. The fuel  additive  coating had Il-ttle o r  
no effect on blade-metal temperature response since  the  slopes of the 
curves in figure 5 are  all very similar. The characteristic time factor 
(defined as the  length of tZme required for the  blade t o  increase 
63 percent of the t o t a l  temperature change) for  each run is also shown 
in figure 5. The characteristic time factors w e r e  approximately the 
same whether the blade was coated or  uncoated;  again, little effect of 
the  coating on the ra te  of heat transfer t o  the blade is indicated. 

The spread among the curves is due t o  the  sl ightly  different fuel- 
step times and t o  the differences in temperature of the blade before 
the fuel-flow change. Although the average  exhaust-gas  temperature was 
nearly  identical f o r  a l l  m s ,  the temperature distribution  across  the 
cambustor duct was different  with each fuel  used. A comparison, a t   t he  
i n i t i a l  conditions, of  the average gas tenperatures and the  local g&s 

t ion of 500 F asd a local  gas temperature variation of 3.40' F f o r  a l l  1 

- 
- temperatures  near the blade  indicates ea average  gas  temperature varia- 
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- runs (see  table I). Thus,  the  initial  temperature of the  blade  was 

altered  by  variation  in  the  local gas temperature  and  not  by  the  coating, 
which,  in same cases,  caused  the  blade-metal  temperature  to  be  higher . 
than the  average gas temperature  at  the  initial  conditions  (see 
fig. 4(b) 1. 

Curves  which  resulted f r o m  almost  identical  Fuel-step  times  are 
presented in figure 6. The  initial blade temgeratures  for  these runs 
were as close  to each other  as  could  be  selected from the  data. No 
difference  in  blade-metal 
additives. 

A slight  decrease in 
additives  were  present  in 
(table I) at  both  initial 
was 97 percent;  with JP-4 

Eo cn 
temperature  response was noted  with  the fuel P Ip 

conibustion  efficiency  was obsemed when  the 
the  fuel.  The  average  conibustion  efficiency 
and  final  fuel-step  conditions  with JP-4 fuel 
fuel  plus  tetraethyl  orthosilicate, 95 per- 

cent;  and  with-JP-4  fuel  plus  triamyl  borate, 95 percent. h v e r ,  the 
combustor-inlet-air  pressure  and  temperature  were  very  favorable  to 
conibustion,  and high efficiency  values,  with small differences among 
fuels,  could  be  predicted. 

The normal operating  axial  gas  velocity  range  for  turbojet  engines 
is f rom 800 to 1200 feet  per  second  at  the  turbine  blade  position 
(reference 5). Because  of  test-setup  limitations,  the  data  presented 
herein  were  obtained  at  gas-flow  velocities  at  the  blade of approxi- 
mately 370 to 510 feet per second; a flat  velocity  profile  and a nominal 
combustor  pressure  drop  were  assumed. 

It  was  assumedthat  trends  observed  at  these  lower  velocities would 
be  similar  to  those  obtained  at  higher  velocities.  Therefore,  the 
negative  results of the  present  investigation  may  be  considered to apply 
to  full-scale  engine  conditions if the  quantity  of  heat  transferred from 
the  blade  to  the  turbine disk is  negligible  for the short  durations  con- 
sidered. 

SUMMARY OF RESTJLTS 

The  following  results  were  obtained in en investigation of the 
temperature-response  characteristics  of an S-816 alloy  turbine  blade 
covered  with  silicon  dioxide  and  boric oxide coatings  supplied  by  fuel 
additive s : . . .. 

1. Tetraethyl  orthosilicate  and  triamyl  borate  additives in JP-4 
fuel  provided a stable axisle  coating on combustor-liner T&Js. and  on 
other  metal parts exposed to the  exhaust-gas.stream. 
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2. The protective  coating  formed had no measurable  effect on 

turbine-blade-metal temperat-s  canibustor exhaust-gas  tern- 

changes in exhaust-gas  temperature. 
c peratures,  or on rates of blade-metal  temperature  response to- rapid 
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(a) Fuel ,  Jp-4 plus  tetraethyl  orthosilloate; run time, 1.4 b o w  with Jp-4 f u e l  plue 
additive and 0.5 hour  with JP-4 f u e l .  

Figure 3. - Photofjmph of 533 combustor liner after operation with JP-4 fuel and Jp-4 fuel 
plUe additives. 
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(a) Fuel, JP-4. 

Figure 4. - Turbine-blade-metal and average exhaust-gaa temperature6 agaiarrt time far several  
fuel step6 with JP-4 f’uel and JP-4 fuel. plus additlvea. made alloy, S-Rl6. 
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(b) Fuel, Jp-4 plus tetraethyl  orthosilicate. 

Figure 4. - Continued. Turbine-blade-metal and average  exhaust-gas temperatures 
agajnst t h e  for  several fuel  steps with JP-4 fuel and JP-4 fuel plus addithes. 
Blade a l loy ,  8-816. 
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(E) Fuel, JP4 plua tzlamyl borate. 
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